Electrocardiographic findings in experimental myocarditis in DBA/2 mice: complete atrioventricular block in the acute stage, low voltage of the QRS complex in the subacute stage and arrhythmias in the chronic stage  by Kishimoto, Chiharu et al.
JACC Vol. 3, No.6
June 1984: 1461-8
Electrocardiographic Findings in Experimental Myocarditis in
DBA/2 Mice:
Complete Atrioventricular Block in the Acute Stage, Low Voltage of the QRS
Complex in the Subacute Stage and Arrhythmias in the Chronic Stage
CHIHARU KISHIMOTO, MD, AKIRA MATSUMORI, MD, MINORU OHMAE, MD,
NOBUYOSHI TOMIOKA, MD, CHUICHI KAWAI, MD, FACC
Kvoto, Japan
1461
To determine whether arrhythmias persist in the chronic
stage of myocarditis, serial electrocardiograms were
studied in DBA/2 mice with experimentally induced
myocarditis. After baseline electrocardiograms with
standard limb and two precordial leads were recorded,
52 mice were inoculated intraperitoneally with 0.1 ml of
the myocardiotropic variant of encephalomyocarditis in
a viral suspension containing 102 TCDso (50% tissue cul-
ture infective dose). Electrocardiograms were recorded
every day on days 3 to 18 and, thereafter, once every
10 to 20 days until day 220. The cumulative incidence
rate of myocarditis was 90.4% (47 of 52). No arrhyth-
mias were found on baseline electrocardiograms. Serial
electrocardiograms showed atrial and ventricular pre-
mature complexes and complete atrioventricular (AV)
block, respectively, in 6 (12.8%), 8 (17.0%) and 25
(53.2 %) of 47 mice with myocarditis. Myocardial lesions
were found in the heart of mice with these ectopic com-
plexes. Mononuclear cell infiltrations into the His bundle
were noted in the conduction system of mice with com-
plete AV block. Heart rate began to increase after day
11 (638 ± 105 beats/min, n = 16 versus control rate
Clinical manifestations of viral myocarditis generally consist
of electrocardiographic abnormalities, enzymatic disorders
and the occurrence of congestive heart failure and even
sudden unexpected death (1-5), However, relatively few
experiments have been undertaken to evaluate the deter-
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557 ± 57 beats/min, n = 47, mean ± standard devia-
tion, p < 0.01) and reached a maximum on day 15 (40
± 22 beats/min, n = 8, p < 0.01). The sum of QRS
voltage in eight leads began to decrease after day 6 (62.1
± 18.8 mm, n = 24 versus control value 80.0 ± 14.7
mm, n =47, p < 0.01) and reached a minimum on day
13 (32.5 ± 7.5 mm, n = 8, p < 0.01) when myocardial
necrosis and congestion of the lungs and liver were most
prominent. Thereafter, heart rate began to decrease and
the sum of QRS voltage in eight leads to increase with
time. On day 120, heart rate was 624 ± 24 I:!eats/min
and the sum of QRS voltage in eight leads was 67.1 ±
8.6 mm (n = 5). On days 16 to 220, atrial premature
complexes or ventricular premature complexes, or both,
remained in five (62.5 %) of eight mice with myocarditis.
Thus, the presence of arrhythmias even in the chronic
stage of myocarditis may suggest that some patients with
arrhythmias, those having no other clinical manifesta-
tions, have had previous viral myocarditis. This study
may shed light on the electrocardiographic aspects of
human viral myocarditis.
minants of the overall course of electrocardiographic ab-
normalities in myocarditis of viral origin (6-8).
Because of our interest in viruses as a cause of cardio-
myopathy, we studied cardiac lesions produced by enceph-
alomyocarditis virus (9,10). This report describes the
electrocardiographic abnormalities in experimental myo-
carditis in DBA/2 mice subjected to long-term observations
of up to 220 days after the inoculation with encephalomyo-
carditis virus.
Methods
Experimental infections. The myocardiotropic variant
of encephalomyocarditis virus was used. The viral stock
was prepared in cultures of human amnion cells in Eagle's
0735-1097/84/$3.00
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minimum essential medium. Viral stock had a titer of 102
TCD50 (50% tissue culture infective dose) determined in
tissue cultures of human amnion cells. Control fluids from
human amnion cell cultures were also prepared. Both viral
and control fluids were stored at -70°C until use.
Inbred DBA/2 mice were obtained from the Shizuoka
Agricultural Cooperative Association. This strain has been
maintained continuously through brother-sister matings. After
baseline electrocardiograms were obtained, 52 mice, 4 to 6
weeks of age, were inoculated intraperitoneally wth 0.1 ml
of virus suspension containing 102 TCD50 (50% tissue cul-
ture infective dose) per 0.1 m!. Mice were observed daily
for 220 days after the inoculation, after which time they
were killed. The hearts underwent gross inspection for any
alteration in myocardial appearance and were processed for
histologic or virologic studies.
Eight 5 week old DBA/2 mice were used as control mice.
They were inoculated intraperitoneally with 0.1 ml of virus-
free human amnion cell culture fluids and killed on day 220.
Their hearts were processed and examined in the same man-
ner as those of virus-inoculated mice.
Electrocardiographic study. For the control recordings
(baseline electrocardiograms), mice were anesthetized by
intraperitoneal administration of sodium pentobarbital. After
inoculation with the virus, the recordings could be per-
formed without anesthesia because of less active movements
of the mice. The dose necessary to produce an anesthetic
threshold was 0.045 to 0.060 mg/g body weight using the
method of Pilgrim and De Orne (11). This method does not
affect the electrocardiographic pattern (7). The recovery
time of the mice was short, and the animals were placed in
a supine position. Electrocardiograms were taken using a
direct ink-writing three channel Mingograph. Leads I, II,
III, aVR, aVL, aVF, C\ and C2 were taken (C j was pinned
to the skin directly over the lower edge of the sternum, and
C2 over the left mid-axillary position at the same horizontal
level as C,). Electrocardiograms were recorded at a paper
speed of 100 mm/s, with the recorder calibrated to 1.0
mV/1O.0 mm. To detect any underlying arrhythmias, a re-
cording at a paper speed of 25 mm/s was also performed
for 3 minlltes each time. Mice were individually marked to
allow sequential studies.
After the recording of baseline electrocardiograms, elec-
trocardiograms for 52 inoculated and 8 control mice were
recorded every day on days 3 to 18 and thereafter, once
every 10 to 20 days until day 220. For serial recordings in
the eight control mice, the same anesthetic method was used.
Electrocardiographic analysis included measurements of
heart rate, PR interval, QRS voltage, duration and a search
for disturbances of rhythm, conduction and repolarization.
Each measurement was obtained in five sequential sinus
beats; first degree atrioventricular (AV) block was consid-
ered to exist when the PR interval was longer than 0.06
second. The sum of the QRS voltage in eight leads for five
sinus beats was also calculated; ectopic complexes and first,
second and third degree AV blocks were excluded because
QRS voltage can be influenced by these abnormalities.
Pathologic study. The hearts were fixed in 10%
formalin solution, embedded in paraffin and stained with
hematoxylin-eosin and elastic van Gieson stains, The lungs,
livers, brains and other organs were also sectioned and stained
with hematoxylin-eosin.
The severity of myocarditis was classified as mild, mod-
erate or severe, according to the area of myocardial lesions
in the atria and ventricles as evaluated by two of us,
independently.
The heart blocks of the mice with complete AV block
on the electrocardiogram were serially sectioned at a thick-
ness of 5 p.,. For each heart, the average number of histologic
sections examined was about 300 to 500.
Virologic study. In an attempt to isolate a virus, the
hearts were ground with sea-sand in 2.0 ml of Eagle's min-
imum essential medium. The suspension was centrifuged,
and 0.1 ml of each superoatant was inoculated into tube
cultures of human amnion cells containing 1.0 ml of Eagle's
minimum essential medium supplemented with 2.0% fetal
calf serum. The tubes were observed daily over a period of
7 days for the appearance of a characteristic cytopathic
effect.
Statistical analysis. Statistical analysis was performed
by an analysis of the variance with multiple comparisons
by Dunnet's method (12). The results were expressed as
mean ± standard deviation.
Results
Mortality and incidence of myocarditis. Forty-seven
(90.4%) of 52 inoculated mice died. Forty-two (89.4%) of
these 47 mice died between days 3 and 12 after the inoc-
ulation. The mortality rate was highest on day 4 and then
decreased gradually, but increased again between days 10
and 12 (Fig. 1).
Forty-seven (90.4%) of 52 mice had myocarditis; 10 mice
had mild, 27 had moderate and 10 had severe myocarditis.
Three of five mice without myocarditis died on days 2, 3
and 4, respectively. The other two mice without myocardial
lesions survived until day 220. Thus, control values were
obtained from 47 mice with myocarditis.
Myocarditis was not detected in any heart in the eight
control mice. Spontaneous calcification limited to the epi-
cardial side of the right ventricle was found in 3 (5.8%) of
52 inoculated mice and in 1 (12.5%) of 8 control mice.
However, the location of the lesions differed from that in
mice infected with encephalomyocarditis virus.
Baseline electrocardiograms. The three waveforms, the
P wave, the QRS complex and the T wave, can be distin-
guished in the baseline electrocardiograms (Fig. 2). The T
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Figure 1. Number of dead mice after in-
oculation with encephalomyocarditis virus.
Mortality rate is maximum on day 4, de-
creases gradually and then increases again
between days 10 and 12. Five mice survived
until day 220. 5
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wave is usually superimposed on the end of the QRS com-
plex and represents a gentle slope rather than a distinct peak
(7,13). The baseline electrocardiograms obtained from 52
inoculated and 8 control mice showed uniformity of heart
rate (500 to 600 beats/min), PR interval (0.03 to 0.05 sec-
ond) and QRS duration (0.005 to 0.015 second) and an
absence of important disturbances of rhythm or conduction
(Fig. 2).
Acute stage (0 to 8 days). Many kinds of electrocar-
diographic abnormalities appeared after day 4 (Fig. 3 and
4), including atrial and ventricular premature complexes and
various degrees of atrioventricular (AV) block (Table I).
Moderate to severe lesions of myocarditis were found in
mice with ectopic rhythm. Mononuclear cell infiltrations
and edematous changes of the conduction cells were ob-
served in the conduction system of mice with complete AV
block (Fig. 5). Serial electrocardiograms recorded in this
stage showed atrial and ventricular premature complexes,
and complete AV block in 4 (8.5%), 6 (12.8%) and 18
(38.3%), respectively, in 47 mice with myocarditis (Table
I). Other electrocardiographic abnormalities in this stage
were partial AV block and ventricular tachycardia.
Pathologic study of other organs except the heart did not
show significant changes in this period.
Subacute stage (9 to 15 days). The most prominent
electrocardiographic characteristics in this period were the
trends toward low voltage of the QRS complex and increased
heart rate (Fig. 6). The sum of the QRS voltage in eight
100 mm/s
10 mm:lmV
I
C2ro1....~~
I \
\ .
I",J,.,.IIFigure 2. Baseline electrocardiograms of a mouse.
The three waveforms (P, QRS and T) can be iden-
tified. No abnormalities in rhythm or conduction
were obtained in the baseline electrocardiogram.
1464 KISHIMOTO ET AL.
ELECfROCARDIOGRAM IN EXPERIMENTAL MYOCARDITIS
JACC Vol. 3, NO.6
June 1984: 1461-8
.VR , ,
C• .." ...
, , , , , , ,..,.--- ~..... * * * * * * * *
II (251fJ1ftheC)
*
I
uc:--------.,..--O-'·,.t--~·-tt-~""""
I
rAV p p, p.
....2-~'----.L-
m. ~
Vpc~'--...,...-''''"-"--'r-~ "1'-'- ....'1'-1l..--..,~
.-. II, " "\r---J'v.----....
.... * *
Figure 3. Electrocardiographic abnormali-
ties during the course of the study. There was
an atrial premature complex (APC. white ar-
row) on day 4, ventricular premature com-
plex (VPC, black arrow) on day 220, first
degree atrioventricular (A V) block on day
II, second degree AV block on day 8, third
degree (complete) AV block on day 8 and
ventricular tachycardia (VT) on day 5. Ar-
rowheads indicate the P waves and asterisks
indicate the QRS complexes.
VT
leads began to decrease after day 6 (62, I ± 18,8 mm, n =
24 versus control 80,0 ± 14.7 mm, n = 47, P < 0.01)
and reached a minimum on day 13 (32.5 ± 7.5 mm, n =
Figure 4. Typical electrocardiographic changes in the mouse with
complete AV block. There was no distinct electrocardiographic
change during the first 3 days. On day 4, ectopic complexes ap-
peared. On days 6 and 7, the duration of the QRS complex was
increased. On day 8, the mouse developed complete AV block
and died. The white arrow indicates an atrial premature complex
and black arrows indicate ventricular premature complexes. Ar-
rowheads indicate the P waves and asterisks indicate the QRS
complexes.
8, P < 0.0 I) (Fig. 7). Heart rate began to increase after
day II (638 ± 105 beats/min, n = 16 versus control 557
± 57beats/min,n = 47,p<0.01)andreachedamaximum
on day 15 (740 ± 22 beats/min, n = 8, p < 0.01). After
the 13th to 15th day, the sum of the QRS voltage in eight
leads began to increase and heart rate to decrease with time
(Fig. 7).
On inspection, the mice were seen to gain weight, and
those that died on days 9 to 15 showed pleural effusion,
ascites and congestion of the lungs and liver. The heart in
this period manifested more severe myocardial necrosis and
inflammatory cell infiltration than seen in the acute stage.
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Table 1. Frequency of Electrocardiographic Changes Serially Recorded in 47 Mice With Myocarditis After Inoculation With
Encephalomyocarditis Virus
Acute Stage Subacute Stage Chronic Stage Total
Electrocardiographic (0 to 8 days) (9 to 15 days) (16 to 220 days) (0 to 220 days)
Findings (n = 47t) (n = 20t) (n = 8t) (n = 47)
Rhythm disturbances
Ectopic complexes
Atrial premature complexes 4 ( 8.5%) 2 (10.0%) 2 (25.0%) 6§ (12.8%)
Ventricular premature complexes 6 (12.8%) 5 (25.0%) 5 (62.5%) 8§ (17.0%)
Ventricular tachycardia 2 ( 4.3%) 0(0.0%) 0(0.0%) 2 ( 4.3%)
Atrioventricular block
Partial* 16 (34.0%) 3 (15.0%) 2 (25.0%) 21 (44.7%)
Complete 18 (38.3%) 5 (25.0%) 2 (25.0%) 25 (53.2%)
QRS changest 36 (76.6%) 18 (90.0%) 8 (100.0%) 40§ (85.1%)
*First degree atrioventricular block is considered to exist when the PR interval is longer than 0.06 second. All instances of partial block were recorded
before complete atrioventricular block developed. tEstimated at the initial days of each stage. tLow voltage is excluded (judged by two of the authors).
§This number is not the total of all stages but the total for the whole period.
Thus, based on myocardial damage, the cause of death in
the subacute stage was considered to be congestive heart
failure.
Chronic stage (16 to 220 days). After day 16, heart
rate continued to decrease and the sum of the QRS voltage
in eight leads to increase (Fig. 7). On day 120, the heart
rate was 624 ± 24 beats/min and the sum ofthe QRS voltage
in eight leads was 67.1 ± 8.6 mm (n = 5).
a
Figure 5. Mononuclear cell infiltrations and
edematous changes of the conduction cells
are found in the His bundle (HB) in mice
with complete atrioventricular (AV) block
in the acute stage. Normal AV node (AVN)
(a and b) and degenerated His bundle of an
infected mouse with complete AV block (c
and d). a and b = elastic van Gieson stain,
c and d = hematoxylin-eosin stain. Mag-
nifiction; a: x 70; b, c and d: x 180.
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Figure 6. The most prominent electrocardiographic characteristics
in the subacute stage of myocarditis are tendencies toward a low
voltage of the QRS complex and an increased heart rate. Ectopic
complexes (arrows) remain even in the chronic stage of myocar-
ditis (on day 50). Note the low voltage of the QRS complex on
days 10 and 13 and abnormal configuration of the QRS complex
on day 50 compared with control complexes. Arrowheads indicate
ST segment elevations.
Ten (19.2%) of 52 mice inoculated with the virus were
surviving after day 16. Five (50%) of the 10 mice survived
until day 220. Two of these 10 mice had no myocarditis.
On days 16 to 220, serial electrocardiograms showed that
atrial and ventricular premature complexes remained in two
(20.5%) and five (62.5%), respectively, of eight mice with
myocarditis (Table 1, Fig. 3 and 6). The configuration of
the QRS complex in all eight mice with myocqrditis after
day 16 was different from that in the control mice (Fig. 6).
Pathologic study in this period revealed marked dilation
of both ventricles, massive myocardial fibrosis and hyper-
trophy of myocardial cells. However, there was no mono-
nuclear cell infiltration after day 68.
Correlation between electrocardiographic findings and
severity of myocarditis. All mice with ectopic complexes
had moderate to severe myocarditis. Furthermore, the lo-
cation of myocardial lesions could explain the origin of these
complexes; atrial premature complexes and ventricular pre-
mature complexes corresponded with the atria and the in-
terventricular septum and ventricles, respectively. Table I
shows that the QRS changes were most sensitive in detecting
the myocardial damages in all three stages. Two mice with
ventricular tachycardia in the acute stage (Table I) had
severe myocardial lesions, not only in the right and left
ventricles and interventricular septum, but also in the atria.
Destruction of the conduction system in mice with complete
AV block was caused by both diffuse myocardial damage
and preferential localizations in the conduction system (Fig.
5).
Electrocardiograms in control mice. No arrhythmias
were found in the eight control mice on days 0 to 220. On
days 3 to 220, the sum of the QRS voltage in eight leads
and the heart rate in this group did not show any significant
changes compared with the control values.
Isolation of virus. Encephalomyocarditis virus was iso-
lated from the heart in all 10 mice examined on days 4, 5
and 7, from the heart in 4 of 10 mice examined on days 10
to 12 and from none in 5 mice examined on days 18 to 220.
No virus was recovered from the heart in the eight control
mIce.
Discussion
Viral myocarditis and idiopathic cardiomyopathy. The
clinical course of acute viral myocarditis used to be con-
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Figure 7. The sum of the QRS voltage in
eight leads (~QRS) begins to decrease after
day 6 and reaches a minimum on day 13,
Heart rate begins to increase after day 11 and
reaches a maximum on day 15, After day 15,
~QRS begins to increase and heart rate to
decrease with time, On day 120, ~QRS and
heart rate almost retum to their respective
control levels, Control values are obtained
from 47 mice with myocarditis,
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sidered benign if the patient survived the acute phase of the
illness. However, since Gore and Saphir (14) demonstrated
that viral myocarditis was not a rare autopsy finding, in-
creasing attention has been paid to viral infections in human
heart disease. It has been speculated that some cases of
idiopathic cardiomyopathy (particularly the dilated type) might
represent the end stages of an earlier acute myocarditis (15,16).
However, few reports (10, 16) on the transition from acute
myocarditis to dilated cardiomyopathy have been documented.
Previous experimental studies. In our previous studies
(9,10,17,18), we found severe myocarditis in BALB/c and
DBA/2 mice inoculated with the myocardiotropic variant of
encephalomyocarditis virus. The striking histologic simi-
larities between DBA/2 mice with myocarditis in the chronic
stage and patients with dilated cardiomyopathy were con-
firmed (10,18). This animal model is considered excellent
for studies of the pathogenesis and natural course of viral
myocarditis.
Complete AV block in the acute stage. In this study,
many kinds of electrocardiographic abnormalities were ob-
tained after day 4 (Fig. 3). During days °to 8, 38.3% of
47 infected mice died with complete AV block (Table I).
Destruction of the conduction system was due to both diffuse
myocardial damage and preferential localizations in the con-
duction system (Fig. 5). Our pathologic study of the con-
duction system in mice with myocarditis may contribute
clinical significance to the cases of myocarditis with con-
duction disturbances. This rapidly fatal conclusion of com-
plete AV block was considered comparable with some clin-
ical cases of myocarditis with complete AV block, so-called
malignant myocarditis (2). Some of these patients can now
survive with an artificial pacemaker.
Low voltage of the QRS complex in the subacute
stage. Congestive heart failure is one of the most important
clinical signs of myocarditis (2,4). This study showed that
congestive heart failure, which was confirmed by the low
voltage of the QRS complexes, sinus tachycardia and the
pathologic features, developed in the subacute stage of myo-
carditis (Fig. 6 and 7). The evidence of congestive heart
failure after viral infection is our first description (9) in an
experimental study.
Arrhythmias in the chronic stage and their clinical
significance. This study showed not only the recovery of
QRS voltage from the subacute to the chronic stages (Fig.
7), but also the presence of arrhythmias and abnormal QRS
configurations in the chronic stage of myocarditis (Table I,
Fig. 6). The recovery of the QRS voltage in the chronic
stage may reflect myocardial hypertrophy of post-myocar-
ditis (10) and disappearance of edema in this stage. The
persistence of ectopic complexes in the chronic stage of
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myocarditis (Table 1), which is always abnormal, is im-
portant. The presence of arrhythmias in surviving mice may
suggest that some patients with arrhythmias, those having
no other clinical manifestations, have had previous viral
myocarditis. Furthermore, in view of the histologic simi-
larities, the arrhythmias seen may be related to arrhythmias
seen in some patients with dilated cardiomyopathy (10).
Serial electrocardiographic findings and pathology of
myocarditis. In this study, mild lesions of myocarditis were
likely to be missed because the electrocardiogram is gen-
erally considered less precise in the evaluation of severity
of myocarditis than of other abnormalities. Detection of
electrocardiographic abnormalities in an experimental or
clinical setting depends in part on the frequency of the
recording. However, in this serial study, the documented
electrocardiographic abnormalities, especially ectopic com-
plexes and complete AV block, did at least correlate with
the presence of myocarditis; moderate to severe lesions of
myocarditis were found in mice with rhythm disturbances.
Furthermore, pathologic study revealed that the lack of any
brain lesions rules out the possibility of central nervous
system stimuli or autonomic imbalances as causes of these
arrhythmias (19). Thus, it may be concluded that ectopic
complexes are a reliable indicator of more than moderate
cardiac lesions in viral myocarditis.
Clinical significance. Bengtsson arid Lamberger (20)
reported residual abnormal electrocardiograms in 19% of
90 patients with myocarditis in a 5 year follow-up study.
Our study indicates that nonspecific arrhythmias and ab-
normal configurations of the QRS complex observed in the
clinical setting may be explained in part as the result of
similar previous viral infection.
Although little is known about the origin or disease po-
tential of encephalomyocarditis viral infection in patients
(19,21,22), the present study may contribute clinically to
the clarification of the electrocardiographic characteristics
in viral myocarditis.
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the manuscript.
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